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During the last four or five years, calcium cyanide has come to be
widely recommended for use in rodent control. It seems to have been
used first in the extermination of the ground squirrel, Citellus tridecent-
lineatus (Mitchill).; later it was reported to be effective in eradicating
the black tail prairie dog, Cynomys ludovicianus (Ord), and it has been
recommended for various species of pocket gophers. The material is
sold in the form of flakes known as "calcium cyanide flakes," and also
as a fine dust of various grades. Calcium cyanide flakes and calcium
cyanide "A" dust have been especially recommended for use in killing
pocket gophers. When this form of cyanide comes in contact with
moist air or moist earth it decomposes, the products formed being
hydrocyanic acid gas and hydrated lime. Hydrocyanic acid gas is, of
course, highly poisonous, and when confined in the runway of a pocket
gopher should produce conditions within a limited area in which no
animal life can exist. If the calcium cyanide can be applied in such a
way that the pocket gopher can be attracted into this area while the gas
is at a killing concentration, it might be_ expected to be very effective.
Sanders (1921) reported successful experiments with this material
in destroying a "gopher" Citellus tridecemlineatus (Mitchill), in Can-
ada, altho in his account he makes the reservation that "though it may
not compete economically with poisoned grain for spring use against
the gopher, it should be a valuable adjunct for summer control." In
laboratory experiments he found that five seconds exposure to the gas
generated by calcium cyanide flakes was sufficient to cause death.
Washburn (1923), in reporting on tests with calcium cyanide in
poisoning pocket gophers, states that "it appears to be very effective in
loam and clay soil, but not in sandy soil."
Wade (1924) gives an account of successful experiments with
calcium cyanide in exterminating the black tail prairie dog in Kansas,
and in the same paper gives results of preliminary experiments made
by Hisaw with the same material in poisoning pocket gophers. Wade
concludes with the statement, "Preliminary experiments indicate that
calcium cyanide may also be used for the destruction of pocket gophers."
In the experiments reported by Wade, calcium cyanide was introduced
.into the main runway of the pocket gopher through openings made with
a trowel, and these openings were closed after the poison had been put
in the burrow. This is known as the "Kansas method."
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Vaughan (1924) recommends calcium cyanide as the "outstanding
remedy" for salamanders, Gcontys floridanus floridanus (Audubon and
Bachman), a species of pocket gopher inhabiting the southeastern
states, altho no experimental data are cited as a basis for making such
a recommendation. Vaughan advises that the new mounds of the
pocket gophers be opened early in the morning by scraping away the
fresh soil that has been heaped up. This will usually expose the lateral
still open. The calcium cyanide is introduced into the open lateral and
the opening is not closed. This method is known as the "Florida
method."
Both Washburn (1923) and Wade (1924) indicated the need for
more complete evidence upon which to base recommendations of cal-
cium cyanide for use in eradicdting pocket gophers, and it was with this
in view that the authors undertook further investigations in 1924.
PRELIMINARY EXPERIMENTS
The purpose of the first two experiments, as they were first planned,
was to compare the effectiveness of calcium cyanide in killing pocket
gophers in sandy soil and in clay soil. While it was possible to make
this comparison from the data secured, it soon developed that methods
must be devised by which positive evidence could be secured that the
pocket gopher was either dead or alive after the treatment. Thus, a
secondary purpose of the experiments developed, that of devising means
of testing the calcium cyanide so that data of this nature could be
obtained.
Considerable care was used to provide the most favorable conditions
for the action of the calcium cyanide. It is hardly to be expected that
such conditions will obtain in the ordinary use of the material.
EXPERIMENT NO.
Three fields were selected for Experiment No. 1, two of light sandy
soil, and one of heavy clay soil. One of the sandy fields was practically
barren of vegetation, while the other was for the most part covered
with sod. The clay field was cropped with a fair stand of alfalfa.
The soil was moist. Pocket gophers were numerous in all three fields.
The poison was applied to the runways as follows: The main run-
ways were located with a wire probe. A broomstick, sharpened at one
end, was then used to make a hole into the runway two ounces of
calcium cyanide flakes were dropped through this hole into the main
runway, and finally the hole was closed. The poison was put in the
main runway and very near to fresh mounds that had been thrown up
within ten hours.
CALCIUM CYANIDE FOR POISONING THE POCKET GOPHER 5
After the runways had been treated with calcium cyanide, all the
mounds were leveled, so that further activities of the pocket gophers,
if any, could at once be located. The mounds and runways in half of
each field were treated on May 13, those in the remaining half of each
field were not treated.
Field in Ramsey County Infested with Pocket Gophers
The method used in this experiment is based on the assumptions:
( I) that pocket gophers are active in the immediate area where they,
throw up new mounds; (2) that if a charge of calcium cyanide is intro-
duced into the main burrow, with the least pc). ssible molestatioh of it,
and the opening closed through which the charge is introduced, it will
generate enough hydrocyanic acid gas to create a toxic atmosphere in
the burrow in the immediate vicinity of the charge, and that when the
pocket gopher in the course of his activities enters this area, he will
be killed.
The effectiveness of the calcium cyanide was determined by the
number of new mounds in the treated part of the field, and by com-
paring these with the number of new mounds in the untreated half.
It was further checked by digging up the runways where no new
mounds appeared and searching for the dead gopher. Several such
runways were dug up for a distance of 20 feet on each side of the
charge. No dead animals were found in the sandy fields, while two
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were found in the clay field, both within a few inches of the charge.
The fields were examined for new mounds 24 hours after applying
the calcium cyanide, and again after 72 hours. Table I indicates the
results of these observations.
TABLE I
Runways New mounds in New mounds in
Runways in check, treated area after check after Dead
Field treated mounds  animals
leveled 24 hrs. 72 hrs. 24 hrs. 72 hrs. found
Sandy No. 1 8 6 o o o o o
Sandy No , 7 4 o o 1 3 o
Clay 15 14 3 o 2 o 2
DISCUSSION
-While no final conclusions with regard to the general effectiveness
of calcium cyanide can be drawn from so little evidence, it is quite ap-
parent that there was no striking difference between the results obtained
on clay soil and on sandy soil. Certain other facts may be pointed out,
however, which have a bearing on methods to be used in future
experiments.
No new mounds appeared in the treated portions of the two sandy
fields after the application of the calcium cyanide. This might be
interpreted to mean that the poison was TOO per cent effective. It will
be noticed, however, that no new mounds appeared in the untreated
part of the same fields during the same period of observation, a fact
which throws considerable doubt on such a conclusion. When several
of the treated runways in these fields were dug up, no dead pocket
gophers were found, a fact which is not conclusive as to the ineffective-
ness of the material, but which casts some doubt on its effectiveness.
In the clay field, more new mounds actually appeared in the treated
part than in the untreated part, altho two dead pocket gophers were
found in the former. •
There is little question that if new mounds appear in close proximity
to a treated runway from 24 to 72 hours after treatment, it may confi-
dently be assumed that the occupant of the burrow has not been killed,
but if no new mounds appear near a treated runway in this time, it can
not be assumed that the occupant of the runway has been killed; for,
as stated above, new mounds did not appear in either the treated or the
untreated portions of the fields; and in, the clay field more new mounds
appeared in the treated than in the untreated portion.
As the writers wished to prove positively that the pocket gopher
was either dead or alive, after a treatment of the runway with calcium
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cyanide, it was decided to abandon the check areas in the second experi-
ment, and to dig up the runways more extensively in an effort to locate
the dead animal.
EXPERIMENT NO. 2
The second experiment was made on June 2, in the same fields used
in the previous one. The two sandy fields, however, were considered as
one field. No check areas were kept. The calcium cyanide flakes were
applied in the same way as before, except that the broomstick holes
through which the charge was introduced were left open. In the first
experiment only one charge was introduced into a single runway, but in
this case, where two or three fresh mounds were found in close prox-
imity, all connecting with the same runway, a charge was introduced
near each of these new mounds, so that some runways received one
charge, some two charges, and some three. The fields were examined
on June 6, after 96 hours. Table II indicates the results of this
experiment.
TABLE II
Field
Runways with
Runways Runways
with new showing no Dead
Runways  mounds activity pock
et
treated I charge 2 charges 3 charges after after goph
ers
96 hours 96 hours found
Sandy 12 4
Clay  IC10 4
3 2 50
2 5
DISCUSSION
The runways in which no new mounds had appeared were examined
for a distance of 4 or 5 feet each side of the place where the charge
was introduced, in several cases for 10 and 15 feet, and in one case for
45 feet, in order to locate, if possible, a dead pocket gopher. As indicated
in the table, only one was found. It was within 5 or 6 inches of the
charge of calcium cyanide.
Altho io runways in the sandy field and 5 in the clay field showed
no further activity of the pocket gophers after 96 hours, only one dead
gopher could be located. This can not be considered as conclusive evi-
dence that all the occupants of the remaining runways were alive, but
on the other hand there is no real evidence that they were killed. While
it is possible that the poison gas may have killed more gophers in these
two experiments than the data show, there is no positive evidence.
From the data given it will be seen that the effectiveness of the
calcium cyanide was not increased by increasing the number of charges
per runway, or by leaving open the holes through which the charge
was applied.
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Where the holes were plugged, the pocket gopher was evidently
able to enter the zone where the calcium cyanide might be expected to
kill, to plug up the hole, and to get away without any injurious ef-
fcts, for in the examination of such runways no dead animals could
be found.
In this experiment as in the first, calcium cyanide was no more effec-
tive in clay soil than in sandy soil.
FINAL EXPERIMENTS
In the final three experiments the number of runways in each was
greatly increased. The material was applied according to the "Florida
method" and the "Kansas mthod," and additional observations were
made to determine whether the occupant of each burrow was dead or
alive after the treatment. The experiments were made in a pasture of
120 acres near New Brighton, Minn., which was badly infested with
pocket gophers. The soil was for the most part a sandy loam, but in-
cluded small areas of clay. Applications, of calcium cyanide were made
on both types of soil.
EXPERIMENT NO. 3
Calcium cyanide flakes were applied according to the "Florida
method," as recommended by Vaughan (1924). Very fresh mounds
were scraped away, exposing the opening of the lateral, and 2 ounces
of the poison were introduced into the burrow, usually at the junction of
the lateral and the main runway, but in a few cases where the lateral
was so long that the main runway could not be reached, the material
was placed in the lateral. The opening of the lateral was not closed.
The mounds selected were always at a considerable distance from each
other, so that there was reasonable assurance that the same runway was
not treated twice. The application was made on June 24 and the run-
ways were all examined on June 25, 24 hours later. The soil was moist.
If a pocket gopher runway is opened, the animal will usually close it.
In order to verify this and to compare this reaction of the pocket
gophers in untr* eated runways with those in treated runways, approxi-
mately half of the runways were opened, but were not given a charge
of calcium cyanide. The results of this experiment are:
Runways opened, but not treated  32
Runways opened and treated  34
Untreated runways closed by gopher after 24 hours  3o
Untreated runways still open after 24 hours  2
Treated runways closed by gopher after 24 hours  25
Treated runways still open after 24 hours  9
Dead pocket gophers found  2
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DISCUSSION
It will be noticed that the openings of all untreated runways except 2
were closed within 24 hours. This appears to be an almost universal
reaction among these animals, and can be used to determine whether
the animal occupying the burrow is alive.
Of the treated runways, 25 had been closed after 24 hours, indicat-
ing that the occupant had not been injured by the calcium cyanide. All
these runways were opened and examined but no dead animals were
found.
The 9 treated runways that .remained open were examined for .a
short distance each side of the charge. Only 2 dead animals were
found; one of these was within 2 inches of the charge, and the other
about 2 feet away.
Several of the closed runways had been plugged in the main runway
back of the charge of calcium cyanide, indicating that sometimes, at
least, the pocket gopher plugs the main runway between himself and
the charge of cyanide. Such runways appeared superficially to have
remained open, and the plugging of the main runway was not discovered
until a search for the dead gopher was made.
Calcium cyanide showed no greater effectiveness in this experiment
than in the two previous ones.
• EXPERIMENT NO. 4
The material was applied to the runways in exactly the same way,
according to the "Florida method," as in the third eXperiment. It was
realized, however, that there was a possibility that the pocket gopher
might close the opening and yet be so affected by the gas generated from
the calcium cyanide as to die in some other part of the burrow. If this
happened it might account for the fact that only a very few dead pocket
gophers were recovered after the treatments. In order to eliminate
this source of possible error, all runways were treated and left open on
July la On July ii, after 24 hours, all the burrows that had been
closed were opened and left for another 24 hours. On July 12, they
were examined •a second time. The soil was moist. Two ounces of
calcium cyanide flakes was used in each runway. The results of this
experiment are summarized as follows:
Runways treated  86
Runways still open after 24 hours  18
Runways closed after 24 hours  68
Runways examined after 48 hours  78
Runways still open after 48 hours  8
Runways closed after 48 hours  70
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Runways closed twice by the pocket gopher 
Runways open after 24 hours, closed after 48 hours  12
Dead pocket gophers found  3
58
DISCUSSION
The most significant fact in the results is that 58, or 67 per cent, of
the original 86 runways were closed twice by the pocket gophers after
they had been treated with calcium cyanide, indisputable evidence that
the pocket gopher was alive 48 hours after the application.
Twelve runways were closed after 48 hours that werT not closed at
the end of 24 hours, indicating that the occupants of these burrows
were alive.
Eight runways were abandoned and not considered in the final ex-
amination after 48 hours, because cattle in the field had stepped on and
caved in the main runway near the opening, making accurate observa-
tions impossible.
Only 8 runways still remained open after 48 hours.
Only 3 dead pocket gophers were found, and these were within a
few inches of the charge of calcium cyanide.
There was further evidence in this experiment that the pocket
gopher often plugs the main runway between the charge of calcium
cyanide and himself, leaving the lateral open, which might lead one to
infer that the animal had been killed.
Calcium cyanide was no more effective in killing pocket gophers in
this experiment than it had been in previous ones, and effectiveness was
not increased by using the "Florida method." The data of this experi-
ment show that not more than 33 per cent could possibly have been
killed, as it is certain that 67 per cent were alive 48 hours after treat-
ment. The fact that 70 runways had been closed by the pocket gophers
48 hours after the application of the poison leads to the conclusion that
19 per cent may possibly have been killed. There is no positive evidence
that, more than 31/2 per cent were killed.
EXPERIMENT NO. 5
Experiment No. 5 was conducted according to the "Kansas method."
• The laterals of the runways were opened, a charge of 2 ounces of cal-
cium cyanide was introduced at or near the junction of the main run-
way and the lateral, and the opening was completely closed. This was
done on September 18. On September 20 the coverings of all the open-
ings were removed and the runways examined. All the closed runways
were opened and a further examination was made on September 21.
A majority of the runways were treated with 2 ounces of calcium
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cyanide flakes, while part of them were treated with 2 ounces of cal-
cium cyanide "A" dust. The soil was moist. The results of this
experiment are given in Table III.
TABLE III
Material
used
Runways Runways Runways Runways Dead
Runways closed included closed at still open pocket
treated at first in second at second at second gophers
examination examination examination examination found
Calcium
cyanide
flakes   64 9 57 44 12 2
Calcium
cyanide
"A" dust 25 2 25 iS 7 3
DISCUSSION
The "Kansas method" of applying calcium cyanide, used in this
experiment, gave no better results than the "Florida method," used in
the two previous experiments, and practically no better results than
were obtained in the preliminary experiments. Of the 64 runways
treated, 44, or 68 per cent, were closed by the pocket gophers on the
second and third days after treatment with calcium cyanfde flakes.
Where the "A" dust was used, 72 per cent were closed on the second
and third days. The highest percentage of pocket gophers that could
possibly have been killed where the flakes were used is only 32 per cent,
and where the "A" dust was used, only 28 per cent; and judging from
the number of dead animals recovered, the cyanide did not kill more
than 15 per cent.
The "A" dust was no more effective than the flakes, as can be seen
from Table III.
INCIDENTAL RESULTS OF THE EXPERIMENTS
In several instances true spotted salamanders, Amblystoma
punctatum (L.), were found dead near the charge of calcium cyanide
in the pocket gopher runway.
In the fifth experiment a dead pocket gopher was recovered from a
burrow on September 20, when the runways were opened and examined.
This runway was left open and examined again on September 22, when
it was found to be closed, indicating that it may have harbored two
animals.
In the same experiment a dead pocket gopher was taken from an-
other runway on September 20. The runway was left open and exam-
ined again on Septernber 22, when a second was found. Either two
gophers occasionally occupy the same burrow; or possibly, in these two
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cases, a second may have attempted to appropriate the empty runway,
being successful in the first case, and failing in the second case.
In still another instance a dead striped ground squirrel, Citellus
tridecentlineatus (Mitchill), was found in the soft earth with which
the pocket gopher had closed the opening of the lateral. It may be that
the ground squirrel entered the open burrow, was killed by the poison
gas, and was later pushed out by the pocket gopher when it closed the
opening.
COST OF APPLYING CALCIUM CYANIDE
The cost of applying calcium cyanide, based on a price of 18 cents
a pound and. the use of 2 ounces of the material at each runway, is 24
cents per runway. When the effectiveness of any material used for
poisoning- pocket gophers falls below mo per celit the cost is correspond-
ingly increased.
The cost of applying vegetable poison baits, using the poison
formula "78 ounce strychnia alkaloid, Vs ounce baking soda, and 1/8o
ounce saccharine," using 2 poison baits to each runway, is approximately
3'5 of a cent per runway. Vegetable poison baits have b2en found very
effective in destroying pocket gophers by the • U. S. Biological Survey,
various experiment stations, and in practical work in the field.
It will readily be seen that the cost of using calcium cyanide for
poisoning pocket gophers is something more than ten times as great as
that of 'vegetable poison baits. This is a matter of considerable impor-
tance where a large number of runways are to 1D2 treated, as is often
the case.
SUMMARY
1. Experiments were made with calcium cyanide to determine its
effectiveness in the eradication of the pocket gopher, Geontys bursarius
(Shaw). The calcium cyanide was applied according to methods de-
vised by the authors, the "Florida method," and the "Kansas method."
Its effectiveness on clay soil and on sandy soil was compared. The
"flake" form of the material was compared with the "dust" form. Two
ounces of the flakes were used in each runway in all experiments except
the las when 25 runways were treated with 2 ounces of "A" dust.
Efforts were made to determine positively whether the pocket gopher
was killed when the poison was introduced into the runway.
2. It was discovered that when no new mounds appeared near a
runway which had been treated with calcium cyanide, it did not prove
that the material had been effective in killing the animal, and that such
a condition is not a safe criterion of the effectiveness of the poison.
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3. It was also found that if the opening was not closed within
48 hours after a runway was treated with calcium cyanide and the
lateral left open, it could not always be interpreted as meaning that the
material was effective in killing the animal.
4. The pocket gopher often plugs the main runway with earth,
between himself and the charge of cyanide, leaving the latefal un-.
molested. The plug in the main runway is not apparent and this condi-
tion might be classed as effective for the cyanide if the main runway is
not examined and the true condition revealed.
5. Two positive checks were obtained on the effectiveness of
calcium cyanide. 'Whether the pocket gophers are affected by the poison
can be determined by applying the cyanide to the runway, leaving the
lateral open, observing whether the lateral is closed after 24 hours, if so,
reopening it, and observing if it is closed a second time after another
24 hours. If the lateral is closed twice after the application of the
cyanide, it is conclusive evidence that the pocket gopher was not injured.
If the lateral is closed only once it is fair, but not conclusive, evidence
that the animal was not injured. If the lateral remains open for 48
hours and it can be determined that the main runway has not been
plugged, it is fair but not conclusive evidence that the pocket gopher
was killed.
. 6. Calcium cyanide showed no greater effectiveness on clay soil
than on sandy soil. In two experiments, the effectiveness of the ma-
terial was exceedingly poor on both types of soil.
7. No difference could be observed between the effectiveness of
calcium cyanide flakes and "A" dust. In the experiment in which the
two materials were compared, both showed little effect.
8. Several methods of applying calcium cyanide to the runway
were used, no method having any advantage over the others. The
calcium cyanide gave consistently poor results in all methods tried. The
"Florida method" seems to offer the best opportunity for determining
the effectiveness of the material.
9. In addition to its low percentage of effectiveness, calcium
cyanide is 'much more expensive than the poison baits in general use.
Leaving effectiveness out of consideration, the cost of using calcium
cyanide in killing pocket gophers, at the rate of 2 ounces per runway,
is about ten times that of poison vegetable baits.
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